Autism spectrum tendencies and occupational environment associated with poor physical HRQOL among others. Conclusions: Our results suggest that AS tendencies have a negative effect on workers' HRQOL and social support is a primary factor in maintaining HRQOL. Moreover, a structured work environment can maintain physical HRQOL in workers with high AS tendencies since higher job control will be stressful. (J Occup Health 2015; 57: 419-426) 
Psychosocial aspects of the working environment, namely, job demand, job control, and social support at work, have an effect on workers' health-related quality of life (HRQOL) 1, 2) . In the Job Demand-Control (JDC) model proposed by Karasek, the greater the job demand and the lower the job control latitude, the more likely the prevalence of exhaustion, depression, and other physical ailments 3) . The third important dimension of the JDC model is social support from coworkers and supervisors; low social support from coworkers and supervisors in the demand-controlsupport model 4) has been found to be related to poor HRQOL 5) . Silva and Barreto found that lack of social support at work and low job control were associated with poor HRQOL in the physical domain 6) . Lerner et al. also showed that job strain as measured on the Job Content Questionnaire (JCQ) was an independent risk factor for HRQOL 7) . The Whitehall II study by Stansfeld et al. revealed that high psychological demand was one of the best predictors for poor physical HRQOL in women. Poor psychological HRQOL was predicted by low social support at work in both Abstract: Is high job control a risk factor for poor quality of life in workers with high autism spectrum tendencies? A cross-sectional survey at a factory in Japan: Norika HAYAKAWA, et al. Faculty of Policy Studies, Nanzan University-Objectives: To examine the effect of autism spectrum (AS) tendencies and psychosocial job characteristics on health-related quality of life (HRQOL) among factory workers. Methods: A questionnaire survey was administered to 376 Japanese factory employees from the same company (response rate: 83.6%) in 2010. Psychosocial job characteristics, including job demand, job control, and social support, were evaluated using the Job Content Questionnaire (JCQ). AS tendencies was assessed using the Autism-Spectrum Quotient (AQ), and HRQOL was assessed using the Medical Outcomes Study ShortForm General Health Survey (SF-8). Associations were investigated using multiple logistic regression analysis adjusted for confounders. Results: In the multivariate analysis, AQ was positively (odds ratio [OR]: 3.94; 95% confidence interval [CI]: 1.70−9.73) and social support in the workplace was inversely (OR: 0.25; 95% CI: 0.10−0.57) associated with poor mental HRQOL. No significant interaction was observed between AQ and JCQ subitems. Only social support was inversely associated with poor physical HRQOL (OR and 95% CI for medium social support: 0.45 and 0.21−0.94), and a significant interaction between AQ and job control was observed (p=0.02), suggesting that high job control was associated with poor physical HRQOL among workers with high AQ, whereas low job control tended to be Is high job control a risk factor for poor quality of life in workers with high autism spectrum tendencies? A cross-sectional survey at a factory in Japan men and women; however, it was predicted by low decision latitude in men only and by high psychological demands in women only 1) . On the other hand, workplace adaptation by high autism spectrum (AS) tendencies in regular employment has recently become a focus of attention in occupational mental health, as an increase has been observed in the number of cases experiencing difficulty in adaptation to work. AS is characterized by difficulties with social interaction and communication, as well as restricted, repetitive patterns of behavior, interests, and activities 8) . Within the spectrum, high functioning refers to individuals with high AS tendencies and an intelligence quotient (IQ) of 70 or over with no mental retardation. In longitudinal research on AS conducted over a 20-year period, Howlin et al. noted that a substantial number of cases of individuals with IQs over 100 experiencing difficulties in continuing work due to AS tendencies have been reported 9) . Due to their AS traits such as difficulty with imagination and social communication, executive function deficits 10) , and weak central coherence 11−13) , it is well known that social support from coworkers and supervisors, low job demand (i.e., avoidance of multiple simultaneous job tasks and assurance of individual control over work pace), and a low job control working environment are required in the work places of individuals with high AS tendencies. A low job control working environment, in other words, a structured environment with some type of external framework that defines work procedures, work schedules, and workloads tends to be more adaptable rather than a high job control working environment for these individuals 10) . The structure enables more predictability and reduces stress. While such a structure is necessary even for people with normal to higher intelligence who have AS tendencies, lower job control is generally considered to reduce HRQOL 1) . That is, the relationship between psychosocial job characteristics and HRQOL is thought to be affected by the level of AS tendencies.
Therefore, working environments that have low social support, high job demand, and high job control may lead to decreases in HRQOL of workers with high AS tendencies. However, to the best of our knowledge, no epidemiological research investigating the effects of AS tendencies or the interaction between psychosocial job characteristics and AS tendencies on the physical and mental health of workers has been reported. In order to clarify environmental work factors that help general workers with high AS tendencies maintain a high HRQOL, this study investigated the relationships between both AS tendencies and psychosocial job characteristics (job demand, job control, and social support) and physical and mental HRQOL.
Subjects and Methods

Participants and ethical considerations
The study participants comprised Japanese employees working at the main factory of B Company in A City, Japan. First, a written explanation was provided to B Company, and the company's consent to participate in the study was obtained. A written explanation of the aims and methods of the study and its use of the data was provided on the front page of the questionnaires, and submission of the questionnaires was considered consent to participation in the study; the participants submitted the questionnaires anonymously. The research protocol was approved by the Research Ethics Committee on human subjects research of Nanzan University, and the study was conducted in accordance with the protocol.
Methods
An overview explanation of the study and the questionnaires were distributed to employees through the Human Resources Department of the main factory of B Company in August 2010. After anonymously completing the questionnaires, participants returned them to the Human Resources Department in sealed envelopes. Those who did not participate in the survey returned blank questionnaires to the Human Resources Department in the same manner. The sealed questionnaires returned to the Human Resources Department were then collected for analysis. A total of 450 questionnaires were distributed, and 376 were returned (response rate: 83.6%). Of these responses, those with missing values for sex (n=18), age (n=18), history of depression (n=18), Physical Component Summary (PCS) (n=17), and Mental Component Summary (MCS) (n=17) were excluded, as were responses from those who had a history of depression (n=28).
Measurements
The survey was composed of eight self-administered questionnaires, including a demographic questionnaire, the Autism-Spectrum Quotient (AQ)-Japanese version, the Japanese version of the JCQ, and the Medical Outcomes Study 8-Item Short-Form Health Survey (SF-8).
Autism-spectrum quotient
The AQ is a scale which was developed with the aim of measuring the degree of AS tendencies for adults within the normal range of intelligence 14) . The reliability of the AQ-Japanese version was confirmed and standardized by Wakabayashi et al. 15) . It is composed of 50 questions, with 10 in each of the five areas of AS characteristics, namely, social skills, attention switching, attention to detail, communication, and imagination. The scale uses the forced choice method in a 4-choice multiple choice format, allocating 1 point for each answer suggesting AS tendencies. Scores range from 0 to 50 points, with higher scores representing stronger AS tendencies. Total AQ scores and quartile scores were then calculated. Those in the top quartile were labeled the "high" group, those between the top and bottom quartile scores were labeled the "medium" group, and those in the bottom quartile were labeled the "low" (reference) group.
Job content questionnaire
The short version of the JCQ-JDC model was adapted and validated for Japanese by Kawakami et al. 16) . The JCQ is a standardized instrument used to assess social and psychological characteristics of jobs based on the theoretical models developed by Karasek. It comprises 22 questions with response options ranging from "strongly disagree" to "strongly agree" scored on a Likert scale 1−4) . The block regarding social support is composed of eight questions on relationships with coworkers and supervisors. These variables were coded according to the Job Content Questionnaire User's Guide 17) . Scores for each quartile on job demand variables were calculated; scores in the top quartile were labeled the "high" (reference) group. The bottom quartile was the "low" group, and scores between the top and bottom quartiles were classified as the medium group. The job control and social support variables were divided into three quartile-based groups in the same way. The low groups for workers' own job control and low exposure to social support in the workplace were taken as reference.
The medical outcomes study 8-item short-form health survey HRQOL was measured using the Medical Outcomes Study Short-Form General Survey (SF-8). SF-8 is a scale that is much shorter and easier to understand than the SF-36 18) . The SF-8 is composed of one item from each of the eight health concepts in the SF-36; it infers an MCS for mental QOL and a PCS for physical QOL. The Japanese version was translated and validated by Fukuhara and Suzukamo 19) . In the present study, MCS and PCS components were divided into quartiles, with the lowest quartile representing poor HRQOL.
Statistical analysis
First, simple tabulation was conducted. Next, since poor MCS and poor PCS were dependent variables and AQ and JCQ were independent variables, logistic regression analyses adjusted for age and sex were conducted to clarify the effect of AQ and JCQ on HRQOL. To avoid multicollinearity, no adjustment was made for position because its associations with sex and age were strong (each p<.0001 in a chi-square test). In model 1, AQ and three JCQ subitems (job demand, job control, and social support) were taken as independent variables, and ORs for poor MCS and poor PCS were obtained using univariate analysis. In model 2, AQ, each subitem of the JCQ and the interaction between AQ and each subitem of the JCQ were analyzed. In model 3, AQ, all subitems of the JCQ, and statistically significant interactions observed in model 2 were analyzed using multivariate analysis. If a significant interaction was confirmed, an additional OR was obtained for poor HRQOL according to JCQ subitems stratified by AQ status. Trend tests were performed using logistic regression analyses with the AQ and three JCQ subitems quartiles analyzed as continuous variables. All analyses were conducted with JMP version 10.0.0 for Macintosh (SAS Institute Japan, Tokyo) and the level of significance was set at p<0.05.
Results
The responses from the remaining 316 participants (241 males and 75 females) were analyzed. The characteristics of the participants are shown in Table 1 . The total AQ scores ranged from 3 to 42, with a median and mean (± SD) of 20 and 20.2 (± 7.0), respectively. The upper quartile score of the AQ was 25 while the bottom quartile score was 15.
The scores for job demand variables ranged from 21 to 48, with a median and mean (± SD) of 33 and 33.4 (± 5.5), respectively. The upper quartile score of the job demand variables was 37 while the bottom quartile score was 29. The job control scores ranged from 36 to 96, with a median and a mean (± SD) of 68 and 67.9 (±10.4), respectively. The upper quartile score of job control was 74 while the bottom quartile score was 62. The social support scores ranged from 8 to 32, with a median and a mean (± SD) of 23 and 22.2 (± 3.6), respectively. The upper quartile score of social support variables was 24 while the bottom quartile score was 20.
The MCS scores for the SF-8 ranged from 18.8 to 58.8, with a median and mean (± SD) of 46.6 and of 45.8 (± 7.2), respectively. The PCS scores for the SF-8 ranged from 18.0 to 62.2, with a median and mean (± SD) of 49.7 and 48.6 (± 6.6), respectively. Poor MCS was most prevalent among workers in their 40s (39.2%), whereas poor PCS was most prevalent among those in their 30s (38.0%).
The effect of AQ and JCQ on poor MCS is shown in Table 2 . The age-and sex-adjusted OR for poor MCS (Model 1) was significantly higher in the high AQ group (OR: 4.83; 95% CI: 2.22−11.32) compared to the low AQ group. OR was significantly lower in the low job-demand group (OR: 0.42; 95% CI: 0.20−0.88) compared to the high job-demand group, and the lower job-demand group tended to be associated with a lower likelihood of having a poor MCS. Regarding social support, the group with greater social support from coworkers and supervisors in the workplace had approximately one-third the chance of having a poor MCS (OR: 0.30; 95% CI: 0.15−0.60) compared to the group with less social support. In model 2, high AQ was significantly associated with having a poor MCS (OR: 5.08; 95% CI: 1.39−22.04) after adjusting for job demands. Moreover, no statistically significant interaction was found between AQ and job demand, job control, or social support, whereas a significant positive association was found between Table 3 . In an age-and sex-adjusted model (model 1), workers with medium AQ scores were more likely than those with low AQ scores to have a poor PCS (OR: 2.31; 95% CI: 1.11−5.12). Conversely, those with high job control were less likely than those with low job control to have a poor PCS (OR: 0.41; 95% CI: 0.18−0.92). Furthermore, people having social support in the workplace were approximately 50% less likely than those without social support to have a poor PCS (ORs and 95% CI for medium and high social support: 0.47 and 0.24− 0.90 and 0.55 and 0.29−1.03, respectively). In model 2, a statistically significant interaction was observed between AQ and job control (p=0.04). In the multivariate model (model 3), only social support was inversely associated with poor PCS (OR and 95% CI for medium social support: 0.45 and 0.21−0.94), and the interaction between AQ and job control remained significant (p=0.02). The ORs for having a poor PCS based on AQ and job control status, the number of workers with a poor PCS in each AQ and job control status, and the numbers of workers in each AQ and job control status are shown in Table 4 . The proportion of workers with a poor PCS in the low AQ group was 20.0% for those with low job control, 25.0% for those with medium job control, and 0.0% for those with high job control. In the medium AQ group, these proportions were 39.4% for workers with low job control, 28.3% for workers with medium job control, and 15.2% for workers with high job control. In the high AQ group, these proportions were 15.0% for workers with low job control, 25.0% for workers with medium job control, and 25.0% for workers with high job control. High job control was associated with a low OR for poor PCS among people with a low AQ (OR: 0.00; 95% CI: 0.00−0.76) or medium 
Discussion
To the best of our knowledge, this is the first epidemiological study to investigate the association of AS tendencies and JCQ status with HRQOL among general Japanese workers. Our results suggest that the level of AS tendencies is linked to workers' HRQOL. Mental HRQOL tended to become lower as AS characteristics became higher. Independent from AS tendencies, social support in the workplace was positively associated with mental HRQOL, suggesting that social support may prevent the deterioration of mental HRQOL. For mental HRQOL, no interaction was found between AS tendencies and psychosocial job characteristics, i.e., job demand, job control, and social support. On the other hand, for physical HRQOL, a significant interaction between AS tendencies and job control was observed. High job control was linked preventively to poor physical HRQOL only for those who had a low level of AS tendencies; however, it was adversely linked to poor physical HRQOL in workers with a high level of AS tendencies.
The link between HRQOL and AS tendencies in this study suggests that high AS characteristics may exert a negative influence on mental HRQOL for general workers. Previous studies have reported that the overall self-reported HRQOL of patients with high-functioning autism is lower than that of healthy individuals 20) . Although IQ is one of the prognostic predictors for AS 21, 22) , a substantial number of people with IQs over 100 still have poor social adjustment 9) . For example, in a five-year follow-up study, Cederlund et al. 21) found that outcomes such as employment for people with Asperger syndrome with a mean IQ of 103.0 were suboptimal, despite their good intellectual capacity.
The basic difficulty for people with high AS characteristics is in sustained interpersonal relations/sociability problems and in obsessive and compulsive tendencies. Even for high-functioning individuals who have qualitative problems in interpersonal relations, their ability to understand social signs or intuitively grasp the emotions of others is limited. This often leads to frequent misinterpretations of what somebody else means, as well as difficulties in understanding social rules, a decline in self-esteem, and low appraisal by supervisors and coworkers. In addition, they also often have attention deficits and difficulties managing multiple sources of information simultaneously as required by the workplace. Many people also find that oversensitivity in hearing or smell, as well as environmental changes, are distressing 23) . The level of AS tendencies is suspected to be linked to the level of psychological stress induced by adaptation to the workplace, and the results of this study seem to reflect this type of psychological burden.
However, it has also been shown that workplace support offers a high chance of enabling employees with high AS tendencies to work appropriately. All participants in this study found their jobs through the open job market. With regard to work participation, Taylor and Seltzer 24) reported that competitively employed individuals had significantly fewer AS symptoms than those who had a supported job. However, even among such workers, interpersonal relations, ability to complete work, and work environment were influential predictors of work participation 25) . In particular, the degree of social support offered by the work environment has been noted to be important 9, 23) . In addition, Renty et al. 26) found a link between the HRQOL of adults with high-functioning autism and social support. However, other reports have stated that this association could not be replicated 20) , and as of yet, no definitive conclusion has been reached.
In this study, high job control was associated with reduced physical HRQOL among workers with high AS tendencies as opposed to those with low AS tendencies. High job control in the JCQ refers to the levels of the "allows own decisions", "learn new things", and "requires creativity" items. On the other hand, those who have a high level of AS tendencies tend to do better in a lower job control working environment 10) . The stress induced by high job control may be interpreted subjectively as physical health problem such as general fatigue or decreasing systemic vitality rather than as mental health problem such as depression, anxiety or irritation among people with high AS tendencies. Besides, it is possible that a high AQ score is associated with high "skill discretion". Job control in the JCQ consists of skill discretion and decision authority 27) . However, job control could not be divided into decision authority and skill discretion for analysis in this study, since more than 40% of the subjects were centered on the same score (36 points) of the decision authority scale (48 points comprising a full score). Therefore it was not possible to classify these objectives into three groups using quartiles. This may have been influenced by the fact that all of the workers were employees of the same company, meaning that they were of comparatively uniform quality as a group. A study with a larger and more diverse population is needed.
The participants in this study had a slightly lower HRQOL than the national average. In this study, the median score was 46.6 for the mental component and 49.7 for the physical component, whereas the median standard scores for the SF-8 in Japanese citizens are 51.05 and 51.75 for the mental and physical components, respectively. We were unable to identify the factors that lowered the participants' HRQOL to below the national average. It is possible that relatively frequent overtime work may have had some influence on both MCS and PCS. In addition, the fact that the survey was carried out after reorganization of the company may have particularly affected MCS.
Limitations
This study did have a number of limitations. AS tendencies were identified with the AQ, and psychiatric problems other than AS were only evaluated by self-administered questionnaire, not by structured clinical interviews. This raises the possibility of a selection bias, as people with a low-quality psychosocial workplace environment resulting in poor HRQOL may have found it difficult to participate and information bias based on a self-administered questionnaire being used in this study. Furthermore, the effect of a confounding bias such as depressive mood remains possible. Also, the problem of generalizability needs to be pointed out since all of the workers who participated in this study were employees of the same company and the population was thus relatively homogeneous. This study was conducted as a crosssectional study; therefore, only limited inferences can be made regarding temporality and causation. Furthermore, the power of the statistical analysis was limited because the sample size was relatively small. It is also possible that a significant dose-response relationship between AQ or social support and poor PCS was present but could not be detected because of the sample size.
Conclusions
Our results suggest that a high overall AS tendencies has a negative impact on workers' HRQOL. On the other hand, independent of the level of AS tendencies, social support from supervisors and coworkers appears to be a factor in maintaining HRQOL. Also, in workers with high AS tendencies, physical HRQOL is maintained by lower job control as opposed to workers with low AS tendencies. This study suggests that it is possible for people with high AS characteristics, who are thought to be at high risk of maladaptation to work, to perform regular work and maintain their HRQOL through organization of the work environment, including sufficient provision for social support and structured job control in the workplace.
